INTRODUCTION {#sec1-1}
============

Atrial fibrillation (AF) is the most common sustained arrhythmia whose prevalence and incidence have been shown to be increasing in the past two decades.\[[@ref1]\] The global burden of AF was estimated to be about 33.5 million in 2010\[[@ref1]\] and it has been christened as the epidemic of the new millennium.\[[@ref2]\] Though data in India are scarce, the PANARM study suggested that AF is the most common arrhythmia (66% of all arrhythmias) seen by clinicians;\[[@ref3]\] the average age of the Indian AF patient is a decade younger than their Western counterpart\[[@ref3]\] and Rheumatic valvular heart disease is the most common cause here.\[[@ref4]\]

Studies like AFFIRM and RACE, and other long-term follow-up studies too concluded that, in the treatment of AF, rate control was not inferior to a rhythm control strategy;\[[@ref5][@ref6][@ref7][@ref8]\] their patients were however elderly and non-rheumatic. The CRRAFT study, conducted in the Indian context, showed that after 1 year, those who were in sinus rhythm had lesser mortality, and, improved NYHA class and exercise tolerance.\[[@ref9]\] Though newer drugs like dronedarone and vernakalant have provided additional opportunities for rhythm control,\[[@ref10]\] rate reduction continues to be the major treatment modality offered to patients with AF with the use of beta blockers almost doubling from 20% to 43% in America in the past decade.\[[@ref11]\] The aim of the present study was to assess the efficacy of escalating doses of oral carvedilol in the acute management of patients with AF with fast ventricular rate (FVR).

MATERIALS AND METHODS {#sec1-2}
=====================

This was an open-label single-arm trial (Clinical Trial Registration No. REF/2014/06/007054) of escalating doses of oral carvedilol in 35 patients of AF with FVR, admitted to the Cardiology Ward of King George Hospital, Visakhapatnam, who fulfilled the inclusion criteria and who were willing to participate in the study were included in the study. Inclusion criteria included age above 18 years and documented history of AF for at least 1 week and with a ventricular rate of 100/min or above on the ECG. Patients were excluded if they were pregnant/lactating women, or had a systolic blood pressure (SBP) less than 100 mm Hg. Those with history of bradyarrhythmia, bronchial asthma or drug allergy were excluded as were those who were in NYHA Class IV on admission. Patients on digoxin were permitted to enroll but those on other antiarrhythmics like beta blockers, calcium channel blockers and amiodarone were excluded. Consent was obtained from all patients before administering the drug.

History was obtained and clinical examination and routine investigations were done including ECG and echocardiogram. A long strip of ECG in LII and V1, for at least 12 seconds each, was taken to calculate the ventricular rate. The ventricular rate was calculated as the number of QRS complexes in a 10 second strip multiplied by 6. The rates in the two strips were averaged to obtain the ventricular rate. An ECG was repeated after 1 hour to confirm FVR.

Oral carvedilol was administered, in daily escalating doses, to patients as per the following schedule till an end point was reached - 3.125 mg once daily on Day 1, to 3.125 mg b.i.d. on Day 2 to 6.25 mg b.i.d. to 9.375 mg b.i.d. to a maximum dose of 12.5 mg b.i.d. on Day 5.

End points included conversion to sinus rhythm or a ventricular rate of 90 bpm or below at rest or a dose of 12.5 mg b.i.d. Patients were withdrawn from the study if they developed adverse effects like hypotension (SBP below 90 mm Hg) or increasing dyspnea or pulmonary crepitations or ronchi, or when the treating doctor deemed it necessary. Patients whose ventricular rate reduced by 20% of baseline rate but still above 90 bpm were permitted to continue to the next dose if the treating doctor thought further reduction in rate was necessary.

Patients were monitored in the ICU for their pulse, BP, lung function and ECG. ECG was obtained every half an hour for the first two patients and it was noted that the maximum effect of oral carvedilol on ventricular rate reduction was observed after about 4-6 hours. Then onwards, a long strip of ECG was recorded for patients 6 hours after each dose.

A successful result was defined as -

Conversion to sinus rhythmReduction in ventricular rate to 90 bpm or belowReduction in ventricular rate of 20% or above, compared to baseline rate

The result was defined as failure if the fall in ventricular rate is less than 20% compared to the baseline rate.

Student\'s *t*-test was used to compare means and a *P* \< 0.05 was taken as significant.

RESULTS {#sec1-3}
=======

There were 35 patients (18 males and 17 females) in the age range of 20-86 years (median = 33 years).

Causes of AF in the group included rheumatic mitral valve disease which was the most common etiology in 22 (62.9%), hypertensive heart disease in 5 (14.3%), dilated cardiomyopathy in 3 (8.6%) and ischemic heart disease in 2 (5.7%). Three patients had lone AF.

Most of the patients (29/35 = 82.9%) were in NYHA Class II while 6 (17.1%) were in Class III. Initial ventricular rate ranged from 111 to 195 with a mean rate of 144.8 beats per minute. Eleven patients were on digoxin therapy.

At the end of the study, the outcome of the patients was as follows -

The rhythm was converted to sinus rhythm in 4 patients (11.4%). (Rhythm Control)The rate was reduced to \<90 bpm in patients (45.7%). (Rate Control)The rate was reduced by \>20% of baseline rate, though the final rate was \>90 bpm in 5 patients (14.3%).(Rate Reduction)The rate reduction was \<20% in 10 patients (failure) (28.6%).(Drug Failure).

Thus, a successful result (a, b, c above) was obtained in 25/35 patients (71.4%). Of the four patients who converted to sinus rhythm, two had lone AF, one had hypertensive heart disease and one had rheumatic mitral valve disease.

When patients on digoxin and those not on digoxin were analyzed for the effect of carvedilol, the results were not significantly different \[[Table 1](#T1){ref-type="table"}\].

###### 

Response of patients with atrial fibrillation to oral carvedilol among those on digoxin and those not on digoxin

![](JPP-5-239-g001)

The dose of carvedilol administered ranged from 3.125 mg o.d. to 12.5 mg b.i.d. 24 patients were started on 3.125 mg o.d. and 11 on 3.125 mg b.i.d. The response depending on the dose of carvedilol was as follows \[[Table 2](#T2){ref-type="table"}\]. Thus, rate control was achieved in most number of patients (six patients) at a dose of 6.125 mg b.i.d. of carvedilol. The success rate (conversion + rate control + rate reduction) for any given dose of carvedilol ranged from 30.8% to 54.5% with a mean success rate of 39.6%.

###### 

Response of patients with atrial fibrillation to escalating doses of oral carvedilol

![](JPP-5-239-g002)

Hypotension developed in two patients at a dose of 3.125 mg BID and were discontinued from the study while two patients opted out of the study at a dose of 9.375 mg bid, all four were counted as failures. Other adverse effects noted were pulmonary ronchi in one patient and pulmonary rales in another patient. One patient developed nocturnal cough. None of the patients however had symptoms of increasing heart failure requiring withdrawal of carvedilol or dose reduction.

DISCUSSION {#sec1-4}
==========

Rate control and rhythm conversion are two options in the treatment of AF besides the more important task of stroke prevention by anticoagulation. Several studies showed that rate control is inferior to rhythm conversion.\[[@ref5][@ref6][@ref7][@ref8]\] It has been suggested that rhythm control can be the first line option in symptomatic patients without advanced structural cardiac disease or significant left atrial enlargement\[[@ref12]\] as these render long-term maintenance of sinus rhythm more challenging. This becomes relevant in the Indian context where rheumatic valvular heart disease is the most common cause of AF.\[[@ref3]\] The present study population was similar with 62.9% (22/35) having rheumatic mitral valve disease. The median age of the group was 33 years unlike the Western population where the average age is a decade older than their Indian counterpart.\[[@ref2]\]

Draft guidelines issued by the NICE group recommend that rate control should be offered as the first line strategy to all people with AF; they recommend rhythm control to those patients whose AF, has a reversible cause, is of new onset AF, or is primarily responsible for heart failure in them.\[[@ref13]\] The 2014 AHA/ACC/HRS atrial fibrillation guidelines recommend control of ventricular rate using a beta blocker or nondihyrdopyridine calcium channel antagonist for patients with paroxysmal, persistent or permanent AF.\[[@ref14]\] Beta blockers are one of the most frequently used drugs acutely and chronically in AF and are believed to lead to improvement in symptoms and well-being\[[@ref15]\] though a recent meta-analysis contests this by concluding that, the effect of beta blockers on outcome in systolic HF patients with AF is less than those in sinus rhythm; the analysis found no benefit in terms of reduction in mortality or hospitalization while such benefit was seen in those in sinus rhythm (OR of about 0.6).\[[@ref16]\] Analysis of the AFFIRM study data revealed that beta blockers were more successful than calcium channel blockers in achieving rate control (70% vs 54%) either used alone or with digoxin.\[[@ref17]\]

A strict rate control may not be necessary to aim for, among patients with AF with FVR; a lenient rate control (to \<110 bpm at rest) has been shown to be as effective as strict rate control (to \<80 bpm at rest) and easier to achieve, among 97% vs. 67%.\[[@ref18]\] A rate control algorithm for patients with AF recommends a target resting heart rate to \<100 bpm using beta blocker - digoxin if there is heart failure, beta blocker/verapamil/diltiazem if there is coronary artery disease, or any one or combination of these three in those without heart disease or hypertension.\[[@ref19]\] Calcium blockers are contraindicated in most patients with significant LV systolic dysfunction\[[@ref20]\] but can be used in those with heart failure with preserved ejection fraction.\[[@ref21]\] Many patients of persistent AF are on digoxin therapy and amiodarone and verapamil are known to increase digoxin levels; diltiazem too has been reported to cause fatalities in patients already on digoxin.\[[@ref22]\]

Intravenous drugs have been favored for rate control in the acute setting with conversion to oral agents for long-term maintenance, and digitalis not widely used, due to its slower onset of action compared to beta blockers and calcium antagonists.\[[@ref20]\] On the other hand, a comment on the 2014 AF management guidelines states that "unless immediate rate control is required or an enteral route of administration is not available, oral administration is appropriate.\[[@ref21]\]

Oral drugs such as clonidine, captopril and labetalol have been used in acute treatment protocols such as hypertensive urgencies\[[@ref23][@ref24][@ref25]\] and their time to onset of action is reported as 30 to 60 minutes. Carvedilol is a newer beta blocker used as an anti-hypertensive drug and a drug for heart failure.\[[@ref26]\] It competitively inhibits beta-1, beta-2 and alpha-1 receptors (mildly more selective for beta 1 receptors) with its antihypertensive effect starting with a single dose of 3.125 mg; the hypotensive effect begins at 30 min after oral administration; peak concentrations occur 1-2 hours after administration and elimination half-life is 2-8 hours.\[[@ref27]\] Changes in digoxin levels are minor and there is no need for dose adjustment of digoxin. Beta blockers have a class effect on rate control in AF through their blocking action on the atrioventricular node besides also having some role in prevention, reversion to sinus rhythm and maintaining sinus rhythm after it is restored.\[[@ref28]\] Propranolol, atenolol, metoprolol and esmolol can be given intravenously for acute rate control in AF but the IV route is not recommended in heart failure (HF) (ibid).

There are few studies of carvedilol in AF and they have studied the effect of carvedilol in chronic AF for its rate reduction effect.\[[@ref29]\] A study in 13 patients with chronic AF found that the mean ventricular rate decreased from 101.9 to 85.2 with one patient discontinuing the drug due to congestive heart failure.\[[@ref29]\] In another study of 14 patients of dilated cardiomyopathy and AF and HF, carvedilol was shown to have improved rate control of 10-36% besides better exercise time.\[[@ref30]\] A third study in 47 patients with persistent AF and HF (mean left ventricle ejection fraction (LVEF) of 24%) revealed that the combination of carvedilol and digoxin is superior to either drug alone in terms of rate control and LVEF.\[[@ref31]\]

With this background, the present study was undertaken and it has shown that oral carvedilol in escalating doses can effectively reduce the ventricular rate in patients with AF with a success rate of over 70%. We have measured the success of carvedilol in terms of the proportion of patients, who had rhythm conversion or rate control or a 20% rate reduction, rather than just fall in mean ventricular rate. The former is more applicable to the real world situation where we are concerned with effects in an individual rather than overall mean fall in ventricular rate. The 71.4% success rate in the present study is similar to results of many such studies of acute rate control in AF with other drugs. In a postoperative setting including 121 patients of AF with FVR, IV diltiazem achieved stable rate control in 76% patients and IV metoprolol in 53%.\[[@ref32]\] Though IV diltiazem and metoprolol lead to rate reduction rapidly - in 90% and 80% respectively by 20 minutes in one study\[[@ref33]\] and IV diltiazem took a median of just 4.3 minutes in a study for rate reduction\[[@ref34]\] - their negative inotropic effect, especially calcium channel blockers, precludes their routine use when AF is associated with significant HF or LV dysfunction. Moreover, in a recent study in 150 patients of AF with rapid ventricular rate (\>120/min), the median time to achieve ventricular rate control was 3 hours with diltiazem compared to 7 hours with amiodarone and 6 hours with digoxin.\[[@ref35]\] A tailored dosing regimen of amiodarone too took a mean of 6 hours for the rate to decrease and stabilize at 96/min.\[[@ref36]\]

Oral drugs have been tried in very few studies for acute rate control in AF. In one study, clonidine in two doses of 75 mcg orally, 2 hours apart, in recent onset AF, led to rate reduction in eight of nine patients with six of them reverting to sinus rhythm.\[[@ref37]\] Another comparative study in AF found that oral clonidine led to a reduction in mean heart rate by 44.4 beats per minute, compared to 52 beats with IV digoxin and 41.8 beats with IV verapamil; the authors concluded that (oral) clonidine is comparable to standard agents.\[[@ref38]\] In another study with oral gallopamil, a calcium antagonist, there was a significant rate reduction in 10 of 20 patients, with the maximum decrease in heart rate seen 2-4 hours after administration.\[[@ref39]\]

In the present study, leaving aside the simple rate reduction of 20%, the first dose of 3.125 mg of carvedilol produced a successful result of rhythm conversion or rate control in 17.1% (6 patients) while the second and third day doses too gave a similar successful result (17.1% each i.e. 6 patients). Thus, most of those who responded successfully to oral carvedilol did so by a dose of 6.25 mg BID (51.4%); beyond that, further successful results were not as many. Thus, oral carvedilol in escalating doses gives a satisfactory response in terms of rate control at an acceptable speed. The reason for lack of a uniform response among all patients may be genetically linked because a recent study has shown that a common beta-1 receptor polymorphism (Gly389 variant vs. Arg389 variant) predicts a more favorable rate reduction response to beta blockers in AF.\[[@ref40]\]

Another notable finding in the present study was that only two patients (5.7%) had adverse effects (hypotension in both) necessitating cessation of drug administration and withdrawal of the patient from the study. Other side effects noted were ronchi, rales and nocturnal cough but all of these patients could tolerate and continue their carvedilol doses. None had exacerbation of heart failure necessitating drug withdrawal.

A limitation of the present study is the small size and that it was an open-label, single-arm (non-placebo controlled) study. But because the outcome was measured by an objective method of ECG, in which the heart (ventricular) rate was calculated, there was no need for blinding, nor was there scope for bias. Placebo was not used due to ethical considerations.

CONCLUSION {#sec1-5}
==========

The overall success rate of oral carvedilol in atrial fibrillation in the present study was 71.4% including conversion to sinus rhythm and rate control/reduction with just a 5.7% incidence of adverse reactions requiring drug withdrawal. Thus, we can conclude that oral carvedilol, in escalating doses, is a reasonably safe and effective drug for the acute or semi-emergent management of patients with atrial fibrillation and fast ventricular rate and who are hemodynamically stable.
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